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National Estimates of the Recreational Value of Streamflow 
LEROY T. HANSEN 
Economic Research Service, USDA, Washington, D.C. 
ARNE HALLAM 
Iowa State University, Ames, Iowa 
This paper presents one practical method of valuing the recreational fishing benefits generated by a 
unit of water as it moves downstream. A cross-sectional analysis is employed to estimate the change 
in individuals' fishing behavior due to a change in availability of fishery resources. A proxy for the 
availability of stream fishery resources i  derived from the link between changes in streamflow 
consumption t  changes inthe quality of fishing downstream. The results how that marginal increases 
in streamflow can generate r creational benefits hat exceed the marginal value of water in agriculture 
in some regions of the country. 
1. INTRODUCTION 
Water in streams with sufficient flow provides public 
benefits including recreational opportunities such as rafting, 
fishing, canoeing, and swimming; wildlife habitat; and aes- 
thetics. The public's recognition of the importance of main- 
taining streamflow levels for these nonconsumptive us s has 
recently been emphasized by Environmental Protection 
Agency (EPA) administrator William Reilly's decision to 
override regional EPA officials' approval of a dam on the 
South Platte River (Washington Post, March 25, 1989, p. 4) 
or in California's effort to increase the minimum flow stan- 
dard for fish and wildlife above that set by the Federal 
Energy Regulatory Commission (Washington Post, May 22, 
1990, p. 5). 
In most cases the market moves resources to their highest 
valued use. However, the market does not work well in 
allocating water to nonconsumptive us s. For example, the 
marketing offishing or canoeing on streams would require 
the "owners" to control access to streams and to employ 
persons to collect fees across the many stream iles. Fur- 
thermore, charging an additional participant for their non- 
consumptive water activity (e.g., fishing) is questionable 
when the marginal cost of an additional person fishing 
imposes little or no costs on others as long as crowding is not 
a problem [Davis and Hulett, 1977]. 
Public policy can still allocate water to its highest valued 
use when the values in nonconsumptive uses are known to 
policymakers. Thevalue of water in recreational fishing 
appears to be a good place to begin recreational benefit 
estimation because, on a national scale, the fishery impacts 
of marginal changes in streamflow are thought tobe the most 
significant [Bayha, 1976]. Of the few studies that have 
considered the economic benefits of streamflow as a recre- 
ational fishery resource, all have concentrated on a river 
segment or on a drainage basin [e.g., Daubert and Young, 
1981; Walsh etal., 1980; Amirfathi et al., 1984; Ward, 1987]. 
While these fforts may have captured the value of water in 
the studies' locations, our results suggest that substantial 
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downstream fishing benefits were not included. An excep- 
tion to this is the paper by Johnson and Adams [1988], where 
they extend their analysis to include benefits of increased 
steelhead populations on areas downstream from the stream 
area examined. However, they did not consider the impact 
of habitat on other species of fish. 
This paper extends these arlier efforts by demonstrating a 
practical method of estimating the recreational fishing ben- 
efits generated by a unit of water as it moves downstream. 
Furthermore, the analysis uses annual flow as a streamflow 
measure because most waterways with significant withdraw- 
als have a system of reservoirs tospread the effects of flow 
depletions across the year. (Note that we use withdrawal, 
depletion, a d diversion f streamflow to imply quantities of 
water net of return flow). Earlier studies assumed that 
damages to fisheries occur during amonth or season where 
streamflow reaches its lowest level (with Johnson and Ad- 
ams [1988] the exception). However, fish habitat is best 
maintained when flow variations match seasonal patterns 
which include periods of high and low flows [Tennant, 1976]. 
While the management of flow is an important issue, data on 
flow management is not available and so is not analyzed in 
this study. 
The benefits to recreational fishing of marginal changes in 
streamflow are estimated by, first, developing a hydrologic 
model that links changes in consumption of streamflow at 
points upstream to the availability of fishery resources at
downstream sites and, second, estimating the number of 
days fished as a function of the available of fishery re- 
sources. Prior estimates of the average consumer surplus for 
a day of fishing are used to value marginal changes in 
streamflow. These marginal recreational values of stream- 
flow are then compared to marginal values of water in 
agriculture to indicate where water is not allocated toits 
highest marginal valued use. 
The results how that the downstream effects on fisheries 
of reduced streamflow are significant. The effects on recre- 
ational fishing for marginal changes instreamflow tend to be 
greatest inthe southwestern states where flow depletions are 
most significant. In 81 of the 99 aggregated subareas (ASAs) 
the total fishing response to a change in streamflow is less 
than 1 day/ac ft (1233 m3). 
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The usefulness of these estimates is domo,.nstrated 
comparing the downstreamrecreational fishing values to •{h• 
water's marginal agricultural values obtained from the Na- 
tional Agricultural Resources Interregional Model (NA- 
RIM). The NARIM is a linear programming model devel- 
oped by the Center for Agricultural and Rural Development 
at Iowa State University depicting the agricultural sector of 
the U.S. economy [English et al., 1986]. These comparisons 
are not definitive but simply indicate the potential difference 
in marginal values of water. 
The benefits to recreational fishing of increased stream- 
flow are additive to other nonconsumptive benefits of 
streamflow. Thus, to the extent that marginal changes in 
streamflow affect other benefits to streamflow, the recre- 
ational benefits presented here understate the value of water 
as an instream resource. 
2. A THEORETICAL MODEL OF FISHING BEHAVIOR 
A measure of demand for recreahona[I fishing is essentmI 
to valuing water as a fishery resource. The approach adopted 
here was to use a sample of the U.S. population to estimate 
how individuals respond, in terms of days fished, to changes 
Q=f(TASTES, INCOME, SUB, PRICE/)) (1) 
where Q represents the quantity of the recreational fishing 
'•'basic •ømmodity" (e.g., the fishing experience) demanded, 
TASTE represents a vector of taste variables, INCOME 
represents the household's full income (which includes the 
individual's available time along with wealth and wage 
income), SUB represents the availability of substitute com- 
modities, and PRICE D represents he marginal willingness- 
to-pay for the "basic commodity". 
The cost of the "basic commodity" is represented by the 
individual's marginal cost of producing the unit. The mar- 
ginal cost (PRICE s ) depends on the individual's production 
skills (SKILL), the opportunity cost of the individual's time 
or their reservation wage (WAGE), prices of market goods 
(GOODS), the amount of the "basic commodity" produced 
(Q), the amount of other commodities produced (COMM), 
and the availability of public freshwater fishery resources 
([?FR) and thus can be described by 
PRICE s= h(SKILL, WAGE, GOODS, Q, COMM, FFR) 
(2) 
While both the supply and demand equations can, in 
in the availability or quality of fishing inthe surrounding principle, beestimated, restrictive assumptions are usually 
area. Responses of •dividuals downstream are summed.to necessary [Hori, !975; Bockstael and McConnell, 1981, 
derive the total effect on recreational fishing ofa change in !983; Pollak and Wachter, 1975, 1977; Barnett, 1977]. To 
streamflow. The value of responses are than calculated on 
the basis of regional estimates (by Brown and Hay [1987] and 
Hay [1988]) of the value of a day of fishing. This approach 
offers a significant advantage over estimating demands at 
specific sites. In particular, demand at any site depends on 
the availability of other fishing opportunities, including other 
sites along the same stream. Thus a site-demand approach 
requires a general equilibrium model of site demands .(be- 
cause a marginal change in streamflow affects quality at all 
downstream sites), and responses would need to be summed 
across downstream sites to total the effect of a change in 
streamflow. 
Individuals' reactions to changes in the availability of 
fishery resources will depend on the prior availability of 
fishery resources and the characteristics of the individual 
and their surrounding environment. This paper models be- 
havior within the household production framework because 
it provides a theoretically consistent foundation for analyz- 
ing individuals' activities. 
The household production approach, first developed by 
Becker [ 1965] and adapted to recreational demand estimation 
by Deyak and Smith [ 1978], views the individual as receiving 
utility directly from "basic commodities" produced by the 
individual (or household) using time, public goods, market 
goods, and the technology available to the household. The 
"basic commodities" are internal to the individual and thus 
are not observable. For example, an individual (or house- 
hold) purchases a lawn mower not for the satisfaction of 
having one but because a combination of labor, fuel, and the 
mower will provide a cut lawn which generates the "basic 
commodities" or characteristics that provide satisfaction or 
utility. 
Determinants of demand for "basic commodities", in 
parallel with neoclassical consumer theory, are taste param- 
eters, income, and the prices of substitute commodities 
[Deyak and Smith, !978, pp. 65-70]. Thus demand can be 
represented by 
avoid these difficulties the equilibrium quantity is obtained 
by setting PRICE s equal to PRICE D and solving the system 
of two equations for the reduced form: 
Q = •7(SKILL, WAGE, GOODS, 
COMM, TASTES, INCOME, SUB, FFR) (3) 
where Q is the equilibrium quantity of the "basic commod- 
ity" produced/consumed. Although Q is not observed, the 
number of days spent freshwater fishing can serve as a proxy 
for the level of commodity production/consumption [Pollak 
and Wachter, 1975]. This general and less restrictive ap- 
proach was proposed by Deyak and Smith [1978] and has 
been applied by Deyak and Smith [19781, Miller and Hay 
[1981], and Russell and Vaughan [1982]. 
The relationships suggested by (3) are estimated using 
cross-sectional data on individuals' fishing behavior. Of 
particular interest is the effect on the downstream population 
of a marginal change in the amount of water allocated to 
streamflow. Thus the physical relationship between the 
water allocated to streamflow and the availability of fresh- 
water fishery resources is fundamental. 
The methods applied to link streamflow to fishery re- 
sources reflects data availability, work of biologists on 
stream habitat quality, and survey design. Using this link 
and the available data, the independent variables of (3) are 
derived. 
3. STREAMFLOW AND THE AVAILABILITY OF 
FISHERY RESOURCES 
Individuals' fishing behavior is estimated using data from 
the 1980 Survey of Fishing, Hunting, and Wildlife- 
Associated Recreation (FHWAR) [U.S. Department of 
Commerce, 1982]. The total impact of a change in flow is 
computed by summing the estimated impacts on individuals 
living in and downstream of the basin where the flow change 
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occurs. However, before detailing this segment of the meth- 
odology, it is necessary to outline the hydrologic model 
which relates streamflow to fishery resource availability. 
Hydrologic Model 
The fishery resources available to an individual depend on 
the surface area of streams, actual streamflow measured as a 
portion of natural flow, and the proportion of tree cover 
remaining on stream banks. Specifically, detailed biological 
field studies have found the availability of aquatic habitat 
"remarkably similar" across cold water and warm water 
streams of differing sizes when carrying the same proportion 
of their natural flow [Tennant, 1976, p 359]. A consistent 
relationship between aquatic habitat and fish standing crop 
has been estimated in various studies [White et al., 1976; 
Wesche, !976; Nickelson, 1976]. Natural flow is the flow that 
would exist without human withdrawals or impoundments. 
Fish standing crop quantifies fish availability in pounds per 
surface acre and therefore allows for the natural variations in 
fish size/population densities across species and water bod- 
ies. Fish standing crop is not estimated here, but instead, the 
availability fishery resources, per surface area of the stream, 
is proxied by the proportion (or ratio) of actual to natural 
flow. 
The availability of fishery resources within a given area is 
totaled by the product of stream surface area and the flow 
ratio for the area. Since the catching of fish reduces the 
availability of fishery resources, fishery resources are mea- 
sured on a per capita basis. Loss of all ribarian (streamside) 
trees appears to reduce stream productivity by 50%, as fish 
feeding and nesting habitat is lost. To incorporate this loss, 
the fishery resource measure is multiplied by one plus the 
ratio of wooded to total riparian acreage. 
Any change in consumption of streamflow ill change the 
actual flow by the same quantity. Evaporation rates are not 
expected to change significantly because marginal changes in
streamflow will not significantly change stream surface area 
or flow rates. Annual flow is relevant because reservoirs 
allow flow depletions to be spread across seasons. Thus an 
implicit assumption is that, in general, releases from reser- 
voirs are managed with a consideration for the health of the 
stream fishery. 
Fishery resources are quantified by county to allow any 
type of multicounty aggregation. Flow ratios are obtained by 
fiver basin or aggregated subarea (ASA) from the U.S. 
Water Resources Council [1978]. The flow ratio of an ASA is 
assumed to be the same for all counties within the ASA. 
Stream surface area and riparian cover are provided, by 
county, by the 1982 National Resources Inventory (NRI) 
[U.S. Department of Agriculture, 1984]. County population 
estimates are obtained from the 1980 census [U.S. Depart- 
ment of Commerce, 1981]. 
Lake fishery resources are proxied by the surface area of 
lakes (including reservoirs) and are quantified per capita. 
County estimates of lake area are provided by the NRI. 
Characterizing the Availability of Fishery 
Resources for Individuals 
The availability offishery resources to each individual is 
quantified for each of 129 areas mapping the contiguous 
states that the FHWAR survey uses to identify where a 
respondent lives. These are termed resident areas (RAs). 
With only the RA to identify the respondent's home, 
estimation of distances to within-RA fishery resources is not 
possible. However, historically, people tend to live near 
waterways, so that it seems safe to assume that distances to 
lakes and streams do not vary significantly across RAs and, 
should any variation exist, it is not likely to be significantly 
correlated with the stream fishery resource variable. 
Areas surrounding each RA were constructed to be large 
enough to include most residents' fishing trips outside of the 
RA, bas•d'øn information from :•:he FHWAR survey. These 
surrounding areas are termed outer fishing areas (OFAs). 
The average distances to the OFAs will vary because the 
larger the RA, the greater the distance a resident of the RA 
is likely to be from the RA/OFA border. Variations in 
distances to the OFA is approximated by the square root of 
the area of the RA. (Note that for a circle, the length-area 
relationship is given by R = (A/yr) ø'5, where R is the radius 
and A is the area). 
4. THE ESTIMATED MODEL 
The measures of stream and lake fishery resources of the 
RAs and OFAs are used to estimate the behavioral model 
developed in section 2. The resource and FHWAR data 
allow (3) to be estimated as 
DAYS =/30 +/3 •SEX +/32FARMORIG +/33RETIRE 
+ fi4SCHOOL +/35AGE +/36AGE**2 
+/37EDLEVEL + fiBINC + fi9INC**2 
+ fil0URBAN +/311OMILE60 + fi12OMILE 
+/313 In (SFISH R•) +/314 In (LFISH v•) 
+/315 In (SFISH øF^) + •16 In (LFISH øF^) (4) 
where DAYS is the number of days spent non-Great Lakes 
freshwater fishing and the/3s are the regression coefficients. 
Personal information provided by the respondent is repre- 
sented in the first ten variables. SEX, FARMORIG, RE- 
TIRE, SCHOOL, and U•BAN.. ar•. •zero-one binary vari- 
ables that equal one to indicate, respectively, a male, that 
the respondent was raised in the town with a population of 
less than 10,000, a retired person, a student, and an urban 
residence. AGE and AGE**2 represent the respondent's age 
and age squared, EDLEVEL indicates years of schooling, 
INC indicates income, and INC**2 is income squared. The 
variables OMILE60 and OMILE are binary variables indi- 
cating that the average distance traveled for ocean or Great 
Lakes fishing (as indicated•in the FHWAR survey) was less 
km) or be•'Ween '6•' and 120 mi (193 km), than 66 mi (9:6.5 ....... ....... •* "'•*'• ........
respectively. The superscripts on the stream (SFISH) and 
lake (LFISH) fishery resource proxies distinguish the re- 
sources within the relevant RA from those in the associated 
OFA. Because both age and income are expected to have 
diminishing marginal effects on DAYS, quadratic values are 
included. The variables URBAN, OMILE60, and OMILE 
are used as proxies for prices of substitutes to the recre- 
ational fishing commodity. The natural log is taken of the 
fishery resource measures to allow for diminishing marginal 
productivity of the recreational fishery resources as greater 
quantities of the resource become available. Fishery re- 
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sources were also modeled in a quadratic form, but the log 
model was found superior. 
Coefficients on $FISH and LFISH are expected to be 
positive for both the RA and OFA resource measures. 
Coefficients on OMILE and OMILE60 are expected to be 
negative, since fishing in the sea or the Great Lakes can 
serve as a substitute for freshwater non-Great Lakes fishing. 
Given the major interest in the effect of availability of fishery 
resources on DAYS, no additional discussion on other 
variables is provided here. 
Statistical Considerations 
The tobit model [Tobin, 1958; Judge et al., 1980] is used in 
estimating (4) because values of the dependent variable 
(DAYS) are clustered at zero. This procedure avoids the 
biases that the more traditional method of ordinary least 
squares could produce. 
The FHWAR survey is a cross-sectional survey designed 
to collect information on individuals' personal characteris- 
tics and on their recreational activities. The FHWAR survey 
was conducted in two parts. A screening survey sampled 
340,032 individuals of the continental United States and 
collected personal information and whether or not they 
fished in 1980. A follow-up survey of 35,615 individuals of 
the screening survey collected more detailed information on 
the number of days spent fishing in non-Great Lakes fresh- 
water. To get a population survey (e.g., a sample of partic- 
ipants and nonparticipants) that includes information on the 
number of days each participant fished, observations from 
the screening survey on those who fished were replaced with 
a statistically representative sample from the follow-up 
survey. 
The Individual's Response 
To determine the change in the number of days fished due 
to a change in streamflow, individuals' responses are first 
derived from (4). The expected response from the tobit 
estimation of (4) is derived by differentiating with respect to 
relative flow (FLOW): 
O(DAYSj)/OFLOW 
= (/313/FLOW Rat + /315/FLOW øFA) * F(Zj) (5) 
where O(DAYSj)/OFLOW represents the change in the num- 
ber of days fished with respect to a change in the flow ratio, 
F(Zj) is the cumulative standard normal distribution func- 
tion, and Z is the normalized index. The presence of F(Zj) 
reflects the tobit model's simultaneous estimation of the 
probability of fishing and the number of days fished [McDon- 
ald and Moffitt, 1980]. As long as FLOW is not significantly 
correlated with any left-out variables, the fight-hand side of 
(5) will provide an unbiased estimate of the effect of changes 
in FLOW. 
The Total Downstream Effect 
The change in the total number of days fished due to a 
change in streamflow is estimated by applying (5) to all 
individuals downstream from a given diversion. The estima- 
tion of downstream effects implicitly assumes no change in 
downstream withdrawals. Summing (5) across individuals of 
a given ASA provides the total expected response within the 
ASA for a marginal change in FLOW: 
• (O(DAYSj)/OFLOW) 
j=l 
= (/313/FLOW R• + /31s/FLOW øFA) ß •'• F(Zj) (6) 
j=l 
where n represents he ASA's population. Equation i6) 
cannot be directly estimated without observations on all 
individuals within each ASA. Thus the FHWAR survey is 
used to estimate the average of F(Zj), F(Z), for each ASA. 
Equation (6) is then approximated by 
• (O(DAYSj)/OFLOW) 
= (•13/FLOW RA + /gls/FLOW OFA) ßn ß/•(Z) (7) 
where n represents the population of the ASA. 
On the basis of (7) and the basin-to-basin flow pattern of 
water, the change in days fished due to an acre-foot change 
in annual streamflow is derived for every ASA (river basin). 
Valuing of Marginal Changes in Streamflow 
Net economic values of a day of recreational fishing have 
been estimated, by state and from the FHWAR survey, by 
Hay [1988] and Brown and Hay [!987]. These day values are 
used to value the day response estimates, thus defining 
recreational fishery values for marginal changes in stream- 
flow. While other day values could be applied (for example, 
estimates by Loomis [1983] or Charbonneau and Hay 
[1978]), the estimates of Hay and Brown and Hay provide 
some comparison since they were derived from the FHWAR 
survey. Day values for residents of the District of Columbia 
were estimated as the average of Virginia and Maryland, 
since neither Hay nor Brown and Hay provided estimates. 
Trout fishing values for Tennessee, Louisiana, and Missis- 
sippi were assumed to be proxied by values in surrounding 
states. 
Estimates of water's net marginal value product in irriga- 
tion are taken from the 1985 National Agricultural Resources 
Interregional Model's 1980 simulation [English et al., 1986]. 
Thus differences in marginal water values between consump- 
tive and recreational uses can be explored. The NARIM 
values are used for comparison only and are not proposed to 
be definitive. 
5. REGRESSION RESULTS 
Maximum likelihood estimation results of (4) indicate that 
stream fishery resources are a significant input in the pro- 
duction of recreational fishing enjoyment (Table 1). All 
estimated coefficients are significantly different from zero at 
the 99% level except coefficients of LFISH lzA and 
LFISH øF^, which are significant at the 95% level. All 
coefficients but that of LFISH øv^ have the expected signs. 
The negative coefficient on LFISH øv^ may indicate that 
distant lakes serve as an input for substitute recreational 
commodities uch as water skiing or swimming. The coeffi- 
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TABLE 1. Estimated Coefficients and t Statistics From 
Equation (4) 
Variable Coefficient* 
SEX 16.9 
(12.1) 
FARMORIG 8.03 
(5.41) 
RETIRE 11.4 
(3.82) 
SCHOOL 9.99 
(3.66) 
AGE 2.13 
(10.5) 
AGE**2 -0.0262 
(10.7) 
EDLEVEL 0.559 
(3.05) 
INC 0.0619 
(3.60) 
INC**2 -0.000113 
(3.74) 
URBAN -6.16 
(4.27) 
OMILE60 -6.16 
(4.02) 
OMILE - 11.8 
(3.87) 
SFISH • 3.56 
(5.15) 
LFISH R^ 1.59 
(2.45)t 
SFISH øF^ 1.49 
(3.36) 
LFISH øF^ -0.823 
(2.52)t 
CONSTANT -50.0 
(9.41) 
R-square 0.0792 
The t statistics are in parenthesis. 
*All coefficients are significant at the 99th percentlie unless 
otherwise noted. 
]'Significant at the 95th percentlie. 
cient of multiple correlation (R-square), corrected for de- 
grees of freedom, is not high; but this is characteristic of 
qualitative choice models [Morrison, 1972, p. 70]. 
Total Downstream Response 
The days fished response is totaled across all persons 
affected within the ASA and those downstream (Table 2). In 
81 of the 99 ASAs, responses are less than 1 day/ac ft. The 
small effect of an acre-foot change in annual streamflow is 
not surprising, since an acre-foot change in annual stream- 
flow is not likely to be perceptible at any one site. However, 
the total downstream impacts are measurable and therefore 
emphasize the importance of considering downstream im- 
pacts. 
An acre-foot change in streamflow results in less than a 1/2 
day change in days fished in 69 of the 99 ASAs. Across 
ASAs, the change in days fished per acre-foot change in 
streamflow varies, primarily, between 0.1 and 1 day/ac ft, a 
factor of ten. This rather significant variation is due to both 
the variation in the marginal responses of individuals and 
variation in the size of affected (downstream) population. 
For example, ASA 1010, which lies in southern Nebraska, 
northern Kansas, and northeastern Colorado, sends its wa- 
ter to ASA 803 via ASAs 1011,705,801, and 802 (Figure 1). 
An acre-foot change in flow in ASA 1010 is estimated to 
change total days fished by 0.772, 0.075, 0.016, 0.008, 0.01, 
and 0.008 days in ASAs 1010, 1011,705, 801,802, and 803, 
respectively. Thus both the scarcity of water in ASA 1010 
and the downstream effects help explain the 0.889 day/ac ft 
response for ASA 1010. 
Marginal changes in streamflow in the more water- 
abundant eastern states tend to have a smaller effect on days 
fished despite the higher population densities. The ASA 
containing Chicago, ASA 403, has a marginal response of 2.4 
days/ac ft. This relatively high response is likely due to both 
the region's high population and its depleted streamflow (less 
than 75% of natural flow remains). 
Day responses tend to be highest in populated, arid areas. 
Of the 17 ASA's where marginal changes in days fished for 
an acre-foot change in streamflow is greater than one, 12 lie 
primarily in Arizona, Colorado, New Mexico, and Utah, 
states with extensive irrigation and significantly depleted 
streamflow (Figure 1). Conflicts over water in these states 
will continue as increased consumptive demands by agricul- 
ture and a growing urban population compete with a growing 
demand for recreational use of water. 
The Marginal Value of Water 
Marginal values of water for recreational fishing vary due 
to variations in both the day responses and the fishing day 
values. The fishing day values estimated of Hay [1988] and 
Brown and Hay [1987] vary by more than a factor of three. 
The recreational values of water are listed by ASA for both 
bass and trout fishing (Table 2). The recreational water value 
most relevant for an ASA will depend on the type of fishing 
done for that change in days fished. Note that water values 
are likely to be lower for other fish species. 
Most of the marginal recreation water values are less than 
$10.00/ac ft. The recreational values tend to be most signif- 
icant in the western states, with the Pacific Northwest an 
exception. The water of the Pacific Northwest has some of 
the lowest marginal recreational values. 
The marginal value of water for recreational bass fishing 
exceeds water's net marginal value in irrigation in 51 (52 for 
trout) of the 67 ASAs where irrigation takes place. In 49 of 
the 67 ASAs that irrigated in 1980 the net marginal value 
product of irrigation water equaled or was close to zero. 
Less confidence should be placed in the value of the 
extreme responses, since these result from extreme values of 
the independent variables. However, their actual values are 
likely to be larger than most other estimated responses. Note 
too that the high agricultural value of water in ASA 1802 is 
probably not realistic. However, given the low in-stream 
value of water, the actual value of water in agriculture 
probably exceeds the in-stream value nevertheless. 
The positive recreational benefits of streamflow suggest 
that an optimal allocation of water will leave the marginal 
value of water to agriculture higher in upstream areas than 
downstream areas. The differences in marginal agricultural 
water values should reflect the recreational benefits of a 
marginal change in water flowing between the upstream and 
the downstream points. 
Significance of Downstream Fishing Values 
The importance of a national perspective on water alloca- 
tion is emphasized by the extent to which fishing benefits are 
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TABLE 2. Change in Days Fished Per Change in Streamflow and Water Values as a Fishery 
Resource and Net Values in Irrigation 
ASA 
Marginal Values Per Acre-Foot, 1980 dollars 
Total Total 
In-Stream In-Stream 
Days/ac ft Trout Bass Irrigation Downstream 
lol 
lO2 
lO3 
1o4 
lO6 
2Ol 
202 
203 
204 
205 
206 
3Ol 
302 
303 
304 
305 
306 
307 
308 
309 
4Ol 
402 
403 
404 
405 
406 
407 
408 
5Ol 
502 
503 
504 
505 
506 
507 
6Ol 
602 
7Ol 
702 
703 
704 
7o5 
8Ol 
802 
8o3 
9Ol 
lOOl 
lOO2 
lOO3 
lOO4 
lOO5 
lOO6 
lOO7 
lOO8 
lOO9 
lOlO 
loll 
11Ol 
11o2 
11o3 
11o4 
11o5 
11o6 
11o7 
12Ol 
12o2 
12o3 
12o4 
0.029 0.26 o.31 -'- NA 
0.069 0.50 0.36 -'- NA 
0.667 6.00 4.95 '-. NA 
0.373 3.01 3.11 -" NA 
0.025 0.22 0.19 --' NA 
0.466 4.30 3.82 ". 2.46 
0.289 2.70 2.46 -" NA 
0.502 4.59 4.60 -'- NA 
0.165 1.36 1.36 '.- NA 
0.291 3.42 2.89 112.53 NA 
0.398 4.61 3.92 --- NA 
0.149 1.53 1.46 32.27 NA 
0.205 1.72 1.65 0 NA 
0.143 1.38 1.44 -.- NA 
0.216 1.95 2.16 0 NA 
0.410 3.69 4.10 10.84 NA 
0.152 1.58 1.60 0 NA 
0.059 0.90 0.61 13.95 NA 
0.052 1.02 0.51 '" NA 
0.052 0.79 0.40 --' NA 
0.076 0.82 0.71 -" NA 
0.184 1.68 2.17 "- NA 
2.365 34.72 36.17 '-- NA 
0.276 0.74 2.13 --' NA 
0.283 2.84 2.18 '-' NA 
0.379 3.31 3.61 --' NA 
0.423 3.30 4.34 --- NA 
0.101 0.91 0.78 '" NA 
0.269 2.53 2.58 --' 1.28 
0.119 1.28 1.28 --' 0.52 
0.454 3.67 5.33 --- 1.28 
0.281 3.04 2.86 "- 1.28 
0.047 0.65 0.52 --- 0.30 
0.299 3.20 2.95 -'- 0.52 
0.132 1.74 1.28 -" 0.52 
0.232 3.03 2.19 --' 0.96 
0.096 1.41 0.96 10.82 0.52 
0.709 9.83 7.17 '-' 4.13 
0.324 4.54 4.13 23.17 3.14 
0.240 3.73 3.14 0 1.59 
0.106 1.65 1.59 0 0.56 
0.042 0.62 0.56 0 0.30 
0.026 0.37 0.30 28.21 0.22 
0.018 0.26 0.22 0 0.13 
0.008 0.12 0.13 7.01 NA 
0.144 1.98 1.08 0 NA 
0.358 4.92 3.39 0 3.30 
0.429 5.77 3.78 0 3.47 
0.373 5.09 3.47 0 3.39 
0.562 7.80 5.95 0 3.30 
0.341 4.71 3.30 0 2.60 
0.238 3.47 2.60 0 2.29 
4.788 69.59 65.62 2.21 5.66 
0.632 8.60 5.66 24.15 2.29 
0.194 2.91 2.29 0 1.19 
0.889 14.07 7.54 8.63 1.56 
0.117 1.65 1.19 0 0.30 
0.108 1.56 4.31 4.58 4.31 
10.648 140.97 105.70 0 4.31 
0.503 9.10 4.31 27.11 1.52 
0.161 2.83 1.50 62.27 0.30 
0.672 11.90 8.45 0 1.52 
1.534 33.59 17.91 0 2.33 
0.112 2.11 2.33 0 0.22 
0.159 3.77 2.33 12.08 NA 
0.375 9.01 5.48 0 NA 
0.481 11.55 7.03 17.30 NA 
0.874 20.98 12.77 0 NA 
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TABLE 2. (continued) 
ASA 
Marginal Values Per Acre-Foot, 1980 dollars 
Total Total 
In-Stream In-Stream 
Days/ac ft Trout Bass Irrigation Downstream 
1205 0.314 7.53 4.58 0 NA 
1301 8.085 140.01 115.69 0 89.51 
1302 5.466 106.05 89.51 0 29.94 
1303 2.049 49.18 29.94 0 6.41 
1304 9.649 155.57 170.15 13.57 29.94 
1305 0.439 10.53 6.41 0 NA 
1401 3.994 44.81 50.87 0 46.64 
1402 3.836 42.80 49.17 0 46.64 
1403 3.683 39.51 46.64 0 46.15 
1501 8.770 96.71 114.93 ..- 46.15 
1502 3.539 38.93 46.15 0 NA 
1503 150.229 1660.94 1977.38 0 46.15 
1601 0.712 7.66 4.90 0 NA 
1602 0.338 3.72 2.08 0 NA 
1603 26.189 288.08 302.01 0 NA 
1604 0.950 10.45 !0.95 0 NA 
1701 0.056 0.61 0.49 0 0.20 
1702 0.021 0.24 0.20 0 0.10 
1703 0.147 1.60 1.35 0 0.33 
1704 0.035 0.40 0.33 0 0.20 
1705 0.011 0.13 0.10 0 NA 
1706 0.016 0.18 0.20 0 NA 
1707 0.036 0.43 0.22 0 NA 
1801 0. i 11 t.77 1.87 0 NA 
1802 0.263 4.21 4.45 429.89 NA 
1803 2.267 36.27 38.34 0 NA 
1804 0.98! 15.70 16.59 0 NA 
1805 0.655 10.48 11.08 0 NA 
1806 10.456 167.30 176.86 0 NA 
1807 1.747 27.95 29.54 0 NA 
Fishery resource values are based on day values for bars and trout fishing given by Brown [1988] and 
Brown and Hay [1987], respectively. Irrigation marginal values are derived from the 1985 NARIM for 
1980 Agricultural prices. Dots indicate no significant use of water for irrigaiton in 1980. NA indicates 
that the stream ends within the ASA and thus downstream values are not applicable. 
generated considerably farther downstream. Of the 99 
ASAs, 48 are upstream of one or more ASAs (Figure 1). 
Downstream values (the estimated fishing benefits per acre- 
foot of water generated by water passing through down- 
stream ASAs) compose over half of water's recreational 
fishing value in 22 of the 48 upstream ASAs (Table 2). 
Therefore water's recreational value within a local area can 
significantly understate its total recreational value. 
Fishing values in downstream basins are also significant 
relative to the consumptive value of water in the upstream 
ASAs. Of the 37 upstream ASAs that typically divert a 
significant portion of water for irrigation, 29 have down- 
stream values which, alone, exceed water's marginal value 
in irrigation. This further emphasizes that, without consid- 
eration of effects on more distant downstream fishery re- 
sources, significant recreational benefits are overlooked. 
While earlier analyses of the recreational value of stream- 
flow focused on benefits at a particular site or within a 
particular region, our results suggest that policymakers 
should not take this to mean that local recreational benefits 
are the only or even the most significant benefits. The 
recreational benefits lost through the diversion of water from 
a small stream may be insignificant to the immediate area. 
However, it is the fact that each acre-foot of water can flow 
across many fishing sites that makes its recreational value 
significant. 
6. SUMMARY 
Streams with sufficient flow provide benefits in noncon- 
sumptive uses including fishing, swimming, rafting, and 
aesthetics. The recreational fishing value of marginal 
changes in streamflow are estimated by applying a method- 
ology that captures the downstream impacts of water with- 
drawals. The estimated recreational water values will under- 
state the actual marginal recreational value of water to the 
degree that other nonconsumptive uses are also benefitted. 
Because agriculture, through irrigation, is the largest con- 
sumer of water, the value of water to agriculture is compared 
with the estimated recreational fishing values. 
The estimated change in days fished due to an acre-foot 
change in streamflow varies across the United States, with 
most failing between 0.1 and 1 day ac ft. The magnitude of 
the day responses reflect the scarcity of water resources in 
the area and the number of people affected within the basin 
and in downstream basins. The highest marginal effects of 
streamflow changes occur in the dryer, southwestern states. 
Downstream fishing benefits are significant in all of the 
upstream ASAs and exceed the upstream benefits in most 
cases. The significance of downstream fishing benefits sub- 
stantiates the importance of a national perspective on 
streamflow benefits because a unit of water can pass through 
may states before reaching the sea. 
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Fig. 1. U.S. Water Resources Counil's [1978] aggregated subareas (ASAs). 
As an example of the applicability of the estimated results 
to policy analysis, net economic day values for recreational 
fishing estimated by Hay [1988] and Brown and Hay [1987] 
are used to derive marginal recreational values of water. The 
value of marginal changes in streamflow tend to be greatest 
in western states. A notable exception is the Pacific North- 
west, where marginal water values are some of the lowest. 
Although recreational fishing values for marginal stream- 
flow changes were found to be less than $10.00 per acre-foot 
in most ASAs, marginal values were found to exceed the 
NARIM estimate of water' s marginal value to irrigators in 51 
of the 67 ASAs that have significant irrigation. In other 
words, those who fish are willing to pay a price for some 
additional water that exceeds the price that farmers are 
willing to sell some of their water for in 51 of 67 river basins 
that have a significant level of irrigation. For most upstream 
ASAs that irrigate, marginal fishing benefits generated in the 
downstream ASAs (alone) exceed marginal water's agricul- 
tural value. Furthermore, the importance of recreational 
uses of streamflow is likely to increase over time as the 
population expands, leisure time increases, and the availabil- 
ity of water resources remains unchanged or decreases. 
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